This study attempts to measure the real exchange rate misalignment in Jordan from 1980 to 2014. We examine the role of adopting the pegged exchange rate system to the US in 1995 in limiting/increasing misalignment. Applying the Johansen approach, a cointegrating relationship is found between the real exchange rate and a number of economic fundamentals that influence the long-run real exchange rate. Over a long examined period of exchange rate fixity, the real exchange rate is kept depreciated except after 2006-2008 over which the appreciation of the real exchange rate is noted. However, after 2011 misalignment receded as the real exchange rate matched the equilibrium real exchange rate. An attempt is also made to model the nexus between the growth of per capita income and misalignment. The exchange rate misalignment is found to significantly decrease the economic growth.
Introduction
Real Exchange rate misalignment has been one of the most important topics in international macroeconomics. Real exchange rate may deviate from its parity or long-run equilibrium due to Changes in economic fundamentals (Rogoff, 1996) . When real exchange rates diverge from this equilibrium, a country's currency is said to be misaligned. This might be associated with fiscal or monetary policy which affects the external and internal balance (Marston, 1988) . This means that real exchange rate is the outcome of the economy's macroeconomic equilibrium and, consequently, deviations from the long-run equilibrium can be attributed to economic policies (Kubota, 2009) . Therefore, the nominal exchange rate regime followed by the monetary authority can play an important role in inducing less or more misalignment volatility.
It is believed the choice of nominal exchange rate regime affects the real exchange rate misalignment (Holtemöller & Mallick, 2008) ; (Coudert & Couharde, 2009) ; (Dubas, 2009) . Misalignment is found to be less risky in countries with floating exchange rates compared to fixed exchange rate targeters since the floating regime allows the foreign exchange rate market to adjust to determine the optimal real exchange rate (Dubas, 2009) . So, the higher the fixity of exchange rate regime the higher the exchange rate misalignment. Fixed exchange rate systems can maintain non-trivial misalignment for a long period of time due to massive central bank interventions and the stickiness of prices especially in less efficient goods markets as in the case of developing countries (Nouira & Sekkat, 2015) (Note 1).
Examining real exchange rate misalignment is highly important for policy-making when the nominal exchange rate is targeted. This is because a change in the relative prices of the base country's goods and the following country's goods misaligns the real exchange rate from its long-run equilibrium level, stated by domestic macroeconomic fundamentals. The persistent deviation from the long-run equilibrium has effects on a variety of economic variables such as economic growth, currency crisis, foreign direct investment and capital accumulation (Nouira & Sekkat, 2015) . Thus, measures of misalignment are used for prediction of future depreciation and evaluation of the links between exchange rates and economic performance. In addition, when exchange rate is fixed by government, it is essential to assess the need for devaluation or revaluation of exchange rate parity. It is pointed out that most emerging market economies induce devaluation to keep their exports competitive, and so real exchange rate is often used as policy tool to facilitate economic growth (Rodrik, 2008) ; (Aizenman & Lee, 2007) ; (Hausmann et al., 2005) .
In this paper we attempt to measure the real exchange rate misalignment in Jordan to assess the role that the fixed exchange rate to the US dollar has on misalignment. Given this, the real exchange rate, computed as the nominal exchange rate in domestic terms adjusted for the relative prices of the US and domestic prices, is used instead of the real effective exchange rate, which is the most commonly used in the literature as the observed real exchange rate.
To our knowledge, only two studies have been written on real exchange rate misalignment in Jordan. The first study by Petri and Saadi-Sedik (2006) assess the impact of grants and workers' remittances on real effective exchange rate over the annual period from 1964 to 2005. Using cointegration technique and applying the Hodrick-Prescott and Band-Pass filters, they identify the equilibrium real effective exchange rate based on some macroeconomic fundamentals, i.e. terms of trade, openness and fiscal balance. The results show that grants and remittances appreciated the exchange rate over the examined period. The second study is done by Warrad who measures the real exchange rate misalignment over the fixed exchange rate to the US dollar period, i.e. 1996 to 2012 using quarterly data, and examines the effect of misalignment on economic growth represented by real GDP. The methodology to estimate the equilibrium real exchange rate is apparently the purchasing power parity, which presumes stationary of fundamentals and a priori specified base year, the method which is widely criticized of its limitations. However, the paper fails to show how the fundamentals are considered and how the measure of misalignment is calculated. Contrary to both studies, this paper aims to examine the impact of adopting the fixed exchange rate to the US dollar upon the real exchange rate misalignment, so we apply the permanent equilibrium exchange rate approach to the years before and during the fixed exchange rate system to the US dollar, adopted in October 1995 (Note 2). The integrated estimates and the long-run values of the fundamentals are used to compute the equilibrium real exchange rate, and consequently to calculate the exchange rate misalignment. It is found that the real exchange rate is kept misaligned and depreciated for a long period of time during the exchange rate fixity years under examination. The misalignment measure is also incorporated to examine the impact on economic growth represented by growth in GDP per capita income. The results indicate that misalignment significantly reduces the economic growth.
The reminder of the paper is organized as follows. Section two presents the analytical framework. Section three and four provide data sources and estimation of the equilibrium real exchange rate and misalignment, respectively. Concluding remarks are presented in section five.
The Analytical Framework
Different theoretical approaches have been developed to set the unobserved equilibrium real exchange rate, and consequently, to measure the exchange rate misalignment of a currency. The first approach to measuring misalignment is established based on the purchasing power parity theory, which is widely used due to its simplicity. The relative purchasing power parity assumes stationary of fundamentals and the exchange rate is considered over-valuated or under-valuated if the nominal exchange rate deviates from the exchange rate suggested by the theory. The main problem with this methodology is that a specific year in which the real exchange rate was in equilibrium should be identified a priori (Hinkle & Monteil, 1999) . Furthermore, the fundamental determinants of the real exchange rate are assumed to be stationary over time, and so in case of a structural change in the fundamentals, the estimates are not meaningful.
The other approaches are classified under one category of the equilibrium based approaches, which take broader macroeconomic fundamentals into considerations (Kiptoo, 2009) . Under these approaches, real exchange rate misalignment is calculated as the deviation of the actual real exchange rate from a theoretically-based equilibrium path of the real exchange rate (Hinkle & Monteil, 1999) ; (Edwards, 1989) ; (Frenkel & Razin, 1996) . Baffes, Elbadawi, and O'connell (1997) adopt a single reduced form to determine the long-run exchange rate. It includes the fundamentals in a dynamic structure of the economy which is determined totally by the data. The fundamentals are cointegrated with real exchange rate and consist of domestic absorption, terms of trade, trade openness among other economic variables.
Most empirical studies on the exchange rate misalignment employ either the behavioral equilibrium exchange rate or the permanent equilibrium exchange rate. Although the two approaches consider different macroeconomic conditions of the real exchange rate, the former model focuses on the short-run dynamics behavior of the exchange rate, see Clark and MacDonald (1997) , whereas the emphasis of the later is on the long-run movements in the real exchange rate. This long-run real exchange rate is different from the desired long-run real exchange rate, where the latter depends on optimal values of the policy variables, permanent values of the exogenous values and the steady-state values of the predetermined variables (Hinkle & Monteil, 1999) 
(Note 3).
This paper employs the permanent equilibrium exchange rate approach and projects some macroeconomic ijef.ccsenet.org International Journal of Economics and Finance Vol. 9, No. 3; fundamentals that may explain the behavior of real exchange rate in Jordan, given the macroeconomic conditions of the economy. This equilibrium based approach captures the long-run movements in real exchange rate, where the permanent long-run values of the fundamentals are decomposed by the Hodrick-Prescott filter and substituted into the proposed stationary relationship between the real exchange rate and some relevant macroeconomic determinants.
The macroeconomic fundamentals considered in the literature usually involve government spending, terms of trade, capital and aid flows, foreign assets, factors related to monetary policy, among other fundamental variables.
Given the limited availability of data for Jordan and short time-series at hand, this study projects net foreign assets, government expenditure, money supply growth over GDP growth and interest rate differential between the domestic economy and the US over the yearly span from 1980 to 2014.
The relationship between the real exchange rate and its fundamental is constructed as follows.
The left hand side of the equation is the real exchange rate to the US dollar, defined as the nominal exchange rate in domestic term adjusted for the prices of the base country and domestic prices. The domestic term of the nominal exchange rate indicates that a decrease (increase) in the value of the real exchange rate means appreciation (depreciation) of the real exchange rate. The lowercase letters refer that the variables are taken in natural log form, where nfa is the net foreign assets in LCU billion and exp is the government expenditure in LCU billion. MS is taken as an indicator for monetary policy stance in Jordan, and denotes the difference between the growth in broad money supply M 2 and the growth in GDP. IRD is the nominal interest rate differential between the domestic interest rate, i.e. the rediscount rate and federal fund rate. t  is the white-noise error term.
We calculate the real exchange rate misalignment as the deviation of the actual value of the real exchange rate from its long-run equilibrium value; mathematically this can be shown as follows.
Where RER is the actual real exchange rate. ERER is the multiplication of the long-run component of the fundamentals of the real exchange rate, decomposed by the Hodrick-Prescott filter, and the estimated coefficients of equation (1). When misalignment is negative, the actual exchange rate is said to be overvalued, while a positive sign indicates an undervaluation of the actual real exchange rate.
Macroeconomic Determinants
1) Net Foreign Assets: net foreign assets determinant is an indicator of the country's capacity to import. An increase in net foreign assets increases the demand for tradable and non-tradable goods which leads to real exchange rate appreciation (Elhendawy, 2012) . So, the sign of 2  is expected to be negative.
2) Government Expenditure: it is supposed that the expansion of the government expenditure will increase the demand for on-tradable to tradable goods. This demand increases the prices of non-tradable goods which, consequently, results in real exchange rate appreciation. In other words, domestic borrowing increases with the expansion of government expenditure. The level of domestic interest rate will increase appreciating the real exchange rate (Kiptoo, 2009 ). However, data on government consumption on non-tradable goods is often non-available for any country and so this fundamental is usually replaced by the government consumption. Hence, the sign of 3
 cannot be expected a priori.
3) Monetary Stance: to assess the overall stance of the domestic monetary policy, the MS is included as a determinant of domestic demand. Although the growth of money supply is supposed to be restricted to increasing for exchange rate fixers, a looser monetary policy may be conducted by soft-peggers like Jordan. Therefore, the expected sign of 4  is negative.
4) Interest rate differential: a positive interest rate differential is assumed to induce capital inflows to the domestic country leading to real exchange rate appreciation. Hence, the sign of α 5 is expected to be negative (Note 4).
Data Sources
Yearly data on real exchange rate fundamentals from 1980 to 2014 are imported from different sources. Gross domestic product and net foreign assets are collected from the world development indicators database. Data on Jordan's rediscount interest rate and broad money supply are extracted from the central bank of Jordan statistical database, while data on Jordan's government expenditure are collected from different releases of the central bank reports. The United States federal fund rate are imported from the database of the Federal Reserve.
ijef Vol. 9, No. 3; To calculate the real exchange rate, we import yearly data from 1980 to 2014 on consumer price index for Jordan, and nominal exchange rate to the US dollar from the central bank of Jordan statistical database, while the consumer price index for the United States is extracted from the IMF outlook database. Data on population and the ratio of investment to GDP are also imported from the IMF outlook database to modeling the relationship between misalignment and growth. 
Estimation of the Equilibrium Real Exchange Rate

Unit Root and Cointegration Tests
In the first step, we check for the presence of a unit root in the relevant variables series. The Augmented Dickey Fuller (ADF) (1979) and Philips-Perron (PP) (1988) tests are applied to test for the stationary of the variables considered in equation (1) and the optimal lag length of the test is determined by the Schwarz information criterion. The results in Table 1 show that all the variables except the monetary stance (MS) variable are stationary at first difference. This means that the variables may form a long-run relationship of the real exchange rate.
To specify the cointegrating rank of the system, we apply Johansen (1988) methodology. In contrast to Engle-Granger cointegration test, the estimation strategy of Johansen test allows estimating all cointegrating vectors at once, that is, when there is n variables with unit roots, there is n-1 cointegrating vectors. The Johansen approach can be written mathematically in the vector autoregressive of order j.
Where is an nx1 vector of variables that are cointegrated of order one, is an nx1 vector of shocks and subscript t denotes time.
When the coefficient matrix has a lower cointegrating rank, that is r<n, there is nxr matrices of α and β each with rank r, in which ́ is stationary (Hjalmasson & Osterholm, 2007) . α is the speed of adjustment to disequilibrium and β is the cointegrating vector.
Johansen suggests two maximized likelihood functions: the maximal eigenvalue and lambda max statistic tests.
Where is the sample size and ̂ is the i th largest canonical correlation.
The null hypothesis of both tests is that r cointegrating vectors do exist. The alternative hypothesis of the trace-test is that there is r+1 cointegrating vector, whereas the alternative of the maximal eigenvalue test is the existence of r+1 cointegrating vector.
We proceed to look for a cointegrating relationship relating the real exchange rate to the macroeconomic fundamentals. Given that most of the real exchange rate determinants chosen in the study are first-differenced stationary, as can be seen from Table 2 , a linear relationship between the real exchange rate and the fundamental are presumed to exist. The general form of the relationship can be expressed as follows.
Where rer is the equilibrium real exchange rate.  is a vector of long-run coefficients of the fundamentals.
 is the white-noise error term and subscript t denotes time.
The maximal eigenvalue and lambda max statistic confirm the existence of a one co-integrating relationship. As ijef.ccsenet.org International Journal of Economics and Finance Vol. 9, No. 3; it is clear from the results presented in Table 3 , the two tests indicate the there is only one cointegrating relationship between the variables according the critical values of Osterwald-Lenum (1992) of model 3, where a constant and linear trend are imposed in the cointegrating space and data space, respectively. The estimated coefficients of equation (7) are all significant at 5% level of confidence. According to both tests, the null-hypothesis of no cointegration, i.e. r ≤0 is rejected while the null hypothesis that the order of integration is two, r=2, could not be accepted, confirming that only one cointegrating relationship exists among the considered variables.
Consequently, the estimation of the long-run model of the normalized cointegration is presented in Table 4 . All the parameters of the macroeconomic fundamentals are highly significant and their sign is found to be consistent with the theory and the empirical literature and the estimated model is lack of autocorrelation and heteroskedasicity problems.
According to the results, the improvement (deterioration) in the foreign assets decreases/appreciate (increases/depreciate) the real exchange rate. Likewise, a one percent increase in the excess of money supply to the growth of GDP appreciates the real exchange rate by 12%. A 10% increase in nominal interest rate differential between Jordan and its base country also appreciates the real exchange rate by around 3.1%. By contrast, it is found that government consumption increases the real exchange rate by a large magnitude. A one percent expansion of government spending depreciates the real exchange rate by roughly 2.8% (Note 5). Note. Standard errors between parentheses. Tabulated t-test is between brackets. The residual diagnostic tests indicate that the model is lack of autocorrelation and heteroskedasticity problems. The null hypothesis of Autocorrelation and heteroskedasticity tests is that the errors are uncorrelated and homoskedastic. *** denotes significance at 1% level of confidence.
Actual Real Exchange Rate, Equilibrium Real Exchange Rate and Misalignment
Based on the normalized cointegrating estimates and following the permanent equilibrium approach, the unobserved equilibrium real exchange rate is obtained by the multiplication of the sustainable values of the macroeconomic fundamentals, computed using the Hodrick-Prescott filter, and the cointegrating coefficients. The misalignment is then calculated by subtracting the difference between the actual real exchange rate and the equilibrium real exchange rate.
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International Journal of Economics and Finance Vol. 9, No. 3; Figure 1 shows the actual real exchange rate, with the dotted line, and the equilibrium real exchange rate, with the continuous line. The actual real exchange rate is said to be overvalued if misalignment is negative.
The actual real exchange rate remained below the equilibrium real exchange rate from 1980 to 1986, and then it went slightly up during 1987 to 1989, the period of the Jordanian Dinar crisis (Note 6). However, the exchange rate remained depreciated three years prior to adopting the fixed exchange rate system to the US dollar in October 1995 until 2006 . Between 2006 , the misalignment was negative as the real exchange rate fell below the equilibrium real exchange rate indicating a period of appreciation. In 2009, the real exchange rate depreciated slightly by around 0.3%. However, interestingly, the misalignment faded out after 2011.
Figure 1. Actual Exchange Rate (LRER) and Equilibrium Real Exchange Rate (LRRER)
Growth and Misalignment
Many studies have attempted to study the impact of real exchange rate on the economic growth, see e.g. Collins (1997), Aguirreand Calderón (2005); Papanikos (2015) and Owoundi (2016) . Nevertheless, due to limited number of observation at hand, and considering the robustness of the results, we add only investment to GDP ratio to the model relating economic growth to real exchange rate misalignment. The model can be presented as follows.
Where Growth is GDP per capita income; INV is the ratio of investment to GDP and MIS is the deviation of real exchange rate (rer) from the equilibrium real exchange rate (ERER). Mathematically:
Ensuring that the variables are stationary at level, we apply ordinary least square to estimate equation 8. The results presented in Table 5 indicate that misalignment affects the growth per capita income negatively. A 1% increase in misalignment decreases the growth by roughly 9%. Expectedly, investment is found to significantly increase growth. However, overvaluation and undervaluation of the exchange rate may not have the same impact on economic growth. That is, real exchange rate devaluation which comes through the prices channel might increase the growth if the Marshall-Lerner condition satisfies. Hence, a plausible asymmetric relationship between misalignment and growth needs further investigation once longer time series data become available. 
Conclusions
The goal of this paper is to empirically analyze and estimate the deviation of the real exchange rate from its equilibrium path in Jordan to assess the impact of the fixed exchange rate system on exchange rate misalignment. Following the equilibrium real exchange rate approach, we develop an indicator for the real exchange rate misalignment in Jordan over the yearly span from 1980 to 2014.
Johansen technique is used to estimate the long-run relationship between the real exchange rate and a selected number of macroeconomic fundamentals that are supposed to capture the long-run influence of the behavior of the long-run real exchange rate.
One cointegrating relationship is found among the variables and the estimation results are consistent with the theoretical predications. Following the permanent equilibrium based approach we multiply the sustainable values of the economic fundamentals and the estimated coefficients from the cointegrated equation to compute the equilibrium real exchange rate. The estimated equilibrium exchange rate is used to calculate the misalignment of the real exchange rate. The misalignment results indicate that Jordan experienced episodes of undervaluation over a long period of exchange rate fixity, i.e. from 1995 to 2006, but the exchange rate misalignment receded after 2011. In this regard, the persistence of misalignment hided by the fixed exchange rate system may worsen the credit position of the economy. However, the problem of long-run real exchange rate in developing countries appears in a situation where the current account deficit is financed by the non-reserve financial account and the official reserve settlement balance or net capital inflows. Thus the fundamentals may not be strong at reflecting whether the long-run real exchange rate implies that the economy has reached its presumed international position.
We also attempt to model the nexus between the real exchange rate misalignment and economic growth. The misalignment affects the economic growth negatively. Given the limited number of observations at hand, it is suggested that further studies are needed to investigate the asymmetric effect of exchange rate on economic growth once longer time series data become available for Jordan. Indeed, in general, short time series do not enable considering many determinants namely variables or dummies accounting for political or economic disturbances that should be imposed in the analysis.
